The Dandy-Walker syndrome is a rare condition comprising dilatation of the fourth ventricle, large posterior fossa cyst and agenesis of the cerebellar vermis. The majority of cases present in the first few months of life, usually with obstructive hydrocephalus, and most require neurosurgical intervention in the form of a shunting procedure. This report describes an adult in whom the syndrome was diagnosed incidentally following severe head injury. Dandy-Walker syndrome and its anaesthetic implications are reviewed.
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CASE HISTORY
A 39-year-old pedestrian was brought to the casualty department after being struck by a car. On arrival he had a Glasgow coma score (GCS) of 6, and a boggy swelling was noted over the left side of his scalp. Pupils were equal and reactive. A rigid neck collar was already in place and was not removed. He was breathing spontaneously, though irregularly. His other injuries included bilateral compound fractures of the tibia and fibula, a closed forearm fracture and four left-sided rib fractures. In view of his decreased level of consciousness it was decided to undertake intubation and controlled ventilation urgently, in order to maintain and protect the airway, ensure adequate oxygenation and prevent hypercapnia. It was noted that he had an unusually large head and a small jaw. Mouth-opening was restricted by the hard collar to two fingers' breadth, and inspection of the oropharynx revealed no softtissue trauma, swelling, blood or secretions. In the absence of appropriate X-rays, cervical spine fracture was assumed, and the collar was left in situ. Following preoxygenation, thiopentone 150 mg, fentanyl 100 Ilg and suxamethonium 100 mg were administered intra-small, receding jaw restricted the view on laryngoscopy to the tip of the epiglottis, and intubation was achieved with the aid of a gum elastic bougie, without desaturation as measured by pulse oximetry. After securing the airway, vecuronium 10 mg was given and the lungs ventilated with oxygen in air (Fi0 2 0.4). Once other injuries had been assessed and appropriate resuscitation performed, computerized tomography (CT) of the head was carried out. Surprisingly, this revealed a major anomaly of the posterior fossa with an enlarged fourth ventricle opening directly into a massive posterior fossa cyst, and hypoplasia of the cerebellar vermis ( Figure 1 ). In addition there was moderate enlargement of the lateral ventricles and displacement of the tentorium cerebelli superiorly by the underlying cyst ( Figure 2 ). These are the classical findings of the Dandy-Walker syndrome, which had not been previously diagnosed in this patient. Abnormalities related to the head injury included a left temporal lobe intra-cerebral haematoma ( Figure 1 ) and a small left-sided extradural collection ( Figure 2) with an overlying temporo-parietal skull fracture (not shown). Following neurosurgical consultation the patient was transferred to the operating theatre for insertion of an intra-ventricular pressure monitor. Cannulae were inserted into the radial artery and left subclavian vein. A further 250 p.g of fentanyl and 8 mg of vecuronium were given and ventilation continued with isoflurane 1070 in oxygen and air to achieve an arterial partial pressure of carbon dioxide of 3.5 to 4 kPa. The cerebral perfusion pressure remained greater than 70 mmHg throughout. An intraventricular pressure monitor inserted through a burrhole indicated the intracranial pressure (ICP) to be normal. The extradural haematoma was not drained. After application of bilateral external fixators to the tibial fractures, the patient was transferred, ventilated, to the intensive care unit where morphine and midazolam infusions were commenced. In view of the association between Dandy-Walker syndrome and complex cardiac defects, echocardiography was undertaken, though this was unremarkable. The ICP remained within the normal range, and sedation was withdrawn after 48 hours. Some four days after the injury, he opened his eyes to command and localized to painful stimuli, at which time respiratory function and bulbar reflexes were normal. He was therefore extubated. Because of the abnormalities of brainstem control which render patients with Dandy-Walker syndrome susceptible to irregular breathing patterns and episodes of recurrent apnoea (see Discussion), he remained monitored on intensive care for a further 48 hours. There were no untoward events during this period and he was discharged to the ward. He continues to improve, though some six months after the injury he has memory loss, poor attention span, personality changes and slurred speech.
DISCUSSION
Dandy-Walker malformation consists of hypoplasia or agenesis of the cerebellar vermis, enlargement of the fourth ventricle in continuity with a posterior fossa cyst, and usually, though not exclusively, obstructive hydrocephalus. Approximately 80% of diagnoses are made before one year of age, and the majority of the remainder before two years'. Hydrocephalus is a common complication, and will eventually evolve in about 90% of patients. The syndrome comprises some 3% of the causes of hydrocephalus, with an overall incidence of one in 30,000 births'. In the majority the ventricles are of normal size at birth, although most will have developed hydrocephalus by three months. Some 80% of patients present initially with macrocrania, either due to hydrocephalus or, less commonly, enlargement of the skull secondary to cystic expansion of the posterior fossa'. Others may have symptoms suggestive of raised intracranial pressure, such as lethargy and vomiting, though interestingly, neurological signs indicative of cerebellar hypoplasia are unusual in this age group2. The precise cause of the development of the Dandy-Walker complex remains unresolved. The original long-standing theory that the malformation develops in utero as a consequence of atresia of the foramina of the fourth ventricle is untenable, since most cases are not hydrocephalic at birth, and post mortem findings usually reveal either the foramen of Luschka or Magendie to be patene. A hereditary cause has also been discounted. About 50% have associated anomalies, commonly of the central nervous system 2 . These include agenesis of the corpus callosum and brainstem dysfunction, leading to episodes of prolonged apnoea, altered breathing patterns and respiratory failure'. Other associations have been described which may be of particular relevance to anaesthetists. These include cleft palate, macroglossia, micrognathia, facial dysmorphia, and cardiac abnormalities such as patent ductus arteriosus and septal defects'.
Early diagnosis and treatment have been regarded as essential conditions for optimal survival and development 5. Diagnosis is primarily radiological, clinical findings being at best suggestive, unless transillumination of the posterior fossa can be demonstrated. Formerly, plain X-ray, air ventriculography, and angiography have been utilized, though currently the main-stay of diagnosis is CT scanning or magnetic Anaesthesia and Intensive Care, Vol. 23, No. 5, October 1995 resonance imaging (MRI). The development of progressive symptomatic hydrocephalus is the major indication for intervention, and some 90070 of patients will eventually undergo a neurosurgical procedure aimed at the relief of hydrocephalus and raised intracranial pressure 2 • Early techniques such as excision of the posterior fossa cyst membranes or marsupialization of the cyst were unsuccessful and have been abandoned in favour of ventriculo-peritoneal shunting, occasionally accompanied by cyst-peritoneal shunting. Despite early surgical intervention, outcome remains disappointing, with overall mortality of up to 25% by adolescence, and about 70% of survivors have an IQ of less than 80 2 • Initial anaesthetic involvement will commonly be to provide sedation or anaesthesia for CT or MRI scanning in babies, frequently before three months of age, in order to establish or confirm the diagnosis. In the majority a formal shunting procedure will subsequently be required. Particular problems include those of patients with a raised intracranial pressure and the possible existence of associated abnormalities which may make airway management difficult, such as cleft palate, micrognathia, macroglossia, facial dysmorphia and macrocrania 4 • In addition complex cardiac defects may be present. Ideally these patients should be monitored postoperatively in Intensive Care, since they are susceptible to episodes of recurrent apnoea\ and may develop irregular breathing patterns and respiratory failure1, thought to be the result of abnormal brainstem control. In addition, laryngeal incompetence with possible regurgitation, and postextubation upper airway obstruction secondary to vocal cord paralysis have been described, presumably due to brainstem compression following surgical drainage procedures 8 • The diagnosis of Dandy-Walker syndrome in adult life is rare. In this report, the patient had originally presented in 1956 aged six months with a large head. No investigations other than plain skull X-ray were performed and there was no further follow-up. No development delay was recorded during childhood or adolescence. In adult-onset cases, delayed presentation may be due to the absence of hydrocephalus or its early arrest during childhood 9 • In such patients there is normal intellectual and motor development, and the syndrome first presents in adulthood with the onset of a raised ICP, or as a coincidental finding during investigation of an unrelated condition 9 ,1O. Lipton et al reported two cases of adult-onset Dandy-Walker syndrome, and in a review of the literature, described the features of a further seven ll • In common with the syndrome in childhood, the majority of these patients presented with hydrocephalus and raised ICP, though in the adult-onset group these signs and symptoms were often accompanied by brainstem and cerebellar dysfunction. If symptomatic, patients subsequently underwent surgery, most commonly shunting procedures or excision of the fourth ventricle.
Hitherto, anaesthesia has not been described in an adult with Dandy-Walker malformation. This report illustrates the classic radiological findings, and describes the features of the syndrome which may be relevant to the anaesthetist. The condition is rare, and the vast majority of diagnoses are made in childhood. The anaesthetist will be involved in most cases at some stage during their management, and may be confronted with problems related to raised intracranial pressure, difficult intubation, associated cardiac abnormalities, postoperative laryngeal incompetence, or abnormal respiratory patterns secondary to brainstem dysfunction. Following anaesthesia it is therefore suggested that these patients should be closely monitored, in particular to exclude the development of any airway compromise or respiratory distress.
